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@ TherapeutlccompoaltlonawltlienhancedWomfallabllltyandprocesfforthelrprepara^^^ 

@ The Invention relates to new compositions of pooriy 
soluble or water Insoluble drugs and to compositions of 
relatively soluble drugs which have a tendency to agglo- 
merate or crystallise in storage or after formulation into 
pharmaceutical dosage form. The new compositions provide 
higher dissolution rates of said drugs In vitro and incre- 
ased bioavailability. The compositions of this Invention 
comprise such poorly soluble, water insoluble or relatively 
soluble drugs, a non-toxic water soluble polymer and a 
wetting agent A process for preparing the compositions is 
I also disclosed. Compositions containing the known anti- 
fungal griseofulvin Illustrate the Invention. 
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This invention relates to compositions of poorly 
soluble or water insoluble drugs uhich provide poor 
bioavailability or are irregularly absorbed following 
oral administration of their solid dosage forms and to 
5 compositions of relatively soluble drugs uhich have a 
tendency to agglomerate or crystallise in storage or 
after formulation into pharmaceutical dosage form. 
More specifically, the herein disclosed invention 
relates to new pharmaceutical compositions of matter 

10 comprising such poorly soluble, water insoluble or 
relatively soluble drugs, a non-toxic water soluble 
polymer and a wetting agent. The invention further 
relates to a process for preparing the disclosed 
compositions which compositions provide a high order 

15 of drug bioavailability. In the main, the invention 
will be illustrated with the known antifungal griseo- 
fulvin. 

Many drugs give an incomplete and irregular 
absorption when taken orally, particularly poorly water 
soluble or water insoluble compounds such as griseofulvin 

20 and many steroids. One of the earlier attempts to 
enhance the availability or bioavailability of such 
drugs relied on mechanical micronization of the pure 
compounds in order to decrease their particle size. 
Uhile micronization did enhance absorption over the use 

25 of unmicronized material, absorption of the drug was 
still incomplete. Further the degree of micronization 
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uhich can be achieved Is limited and the micronized 
particles tend to agglomerate, thus diminishing both 
the solubility of the drug and its bioav/ailability/ 
U.S. Patent 2,900,304 is an illustration of griseofulvin 
5 compositions for oral or parenteral administration 
employing micronized drug particles. 

Another approach for attempting to enhance the 
bioavailability of griseofulvin uas studied by 
Marvel et al and teported in the j'l of Investigative 

10 Dermatology, 42, 197-203 (1964). Their studies 
related to the effect of a surfactant and particle 
size on the bioavailability of griseofulvin uhen 
orally administered. Resulte of their etudies 
indicated that bioavailability of the drug uas 

15 enhanced uhen edministered in very dilute solutions 
or aqueous suspensions. Their results further tended 
to confirm that enhanced bioavailability uas obtained 
with griseofulvin having a higher specific surface 
erea, at least uhen administered in full daily divided 

20 doses. Uith respect to the effect of the surfactant 
sodium lauryl sulfate incorporated into griseofulvin 
tablets, their results demonstrated some initial 
enhancement of bioavailability uith regularly particle 
sized drug and very little enhancement uith micronized 

25 drug in comparison to surfactant-free tablets. 
These investigators further reported 
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that when the daily dose was divided, the surfactant had no enhancing effect. 

StiU another approach for the enhancement of drug bioavailability Is 
represented by the work of Tachibana and Nakamura in Kollid-Zeitschrift and 
Zeitschrift Fur Polymere, 203, pgs. 130-133 (1965) and Mayershohn etal in the 
Journal of Pharmaceutical Science, 55, pgs. 1323-4 (1966). Both pubUcations 
deal with the use of polyvinylpyrroUdone (PVP) for forming dispersions of a 
drug. Tachibana discusses the role of PVP in forming very dilute colloidal 
dispersions of B-carotene in PVP. Mayersohn further prepared soUd dispersions 
or soUd solutions of griseofulvin in PVP and the reported results show 
dissolution rates for the drug increasing with Increasing proportions of PVP. 
This last pubUcation further reported that in the absence of wetting agent in 
the dissolution medium, the enhancement of the dissolution rate is stiU greater. 

Canadian Patent 987,588 of Riegelman et al, similarly discloses the use 
and process for making soUd dispersions of a drug for enhancing its dissolution 
15 rate and bioaraflability. In this case the solvents employed were polyethylene 
glycol (PEG) having molecular weights ranging from 4,000 to 20,000, pentaery- 
thritol, pentaerythritol tetraacetate and monohydrous citric acid. Riegelman 
postulated that these solvents provided a matrice for griseofulvin which retards 
crystallization during the soUdification process resulting in an ultramicrocrys- 
talline form of the drug with correspondingly faster dissolution. Riegelraan's 
results tend to support this finding of faster dissolution rates for soUd solutions 
of griseofulvin over those of unmicronized, non-wetted micronlzed and wetted 
micronized griseofulvin. But his findings were Umlted to those soUd solutions 
which contain less^than 50 per cent by weight of the drug since the results 
25 demonstrated a slowing of the dissolution rate with higher concentrations of 
griseofulvin. Riegelman further concluded that the rate of dissolution for a 
composition having the same ratio of drug to solvent varies significantty 
depending on the method of preparation, with melt mixing at elevated 
temperatures in a volattte solvent providing the preferred mode or process. 

30 Another process for preparing ultramicrocrystalline drug particles to 

increase dissolution of a drug is disclosed by Melliger in Belgian Patent 772,594. 
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That process is characterized by preparing a solution of the drug, PVP and 
urethane and subsequently removing the urethane. It was reported that, in 
general, satisfactory results were obtained using solutions in which the quantity 
of drug represented up to about SOper cent by weight of the quantity of PVP 
present. 

U.S. Patent 3,673,163 and 4,024,240 respectively are further illustrations 
relating to the use of PVP in soUd dispersions. In the first-cited patent, 
coprecipitates of acronycine with potyvinylpyrroUdone were prepared in 
proportions weighted to the polymer to increase the solubility of the 
coprecipitated acronycine. In the second-cited patent solid antibiotic disper- 
sions containing the antibiotic designated A-32390, in proportions again 
weighted toward the PVP co-dispersant, were disclosed. Further examples of 
antibiotic combinations containing PVP are disclosed in U.S. Patent 3,577,514 
wherein the PVP is used as a binding agent} and in U.S. Patents 3,485,914 and 
15 3,499,959, wherein the PVP is used to sustain the release of the antibiotic. PVP 
has also been used as a stabilizer with nitroglycerin to retard migration between 
nitroglycerin tablets as disclosed in U.S. Patent 4,091,09L 

With respect to processes employed in preparing certain PVP-griseofulvin 
compositions, Junginger in Pharm. Ind. 39, Nr. 4 at pgs. 384-388 and Nr. 5 at 
pgs. 498-501 (1977), reported that spray-dried products provided systems with 
higher energy levels in comparison with those of simple mixtures and 
coprecipitates, and correspondingly greater dissolution rates. Junginger further 
disclosed that the dissolution rates of the simple mixtures were higher when the 
PVP contents were increased. 

In a further attempt to Increase the bioavailability of griseofulvin, the 
drug was treated with small amounts of hydroxypropyl cellulose and formulated 
into capsules, see Fell et al, J. Pharm. Pharmac, 30, 479-482 (1978). Whae the 
formulation produced by this treatment increases the rate and extent of 
availability of micronized griseofulvin, the authors reported that the treated 
formulation does not always lead to complete absorption from the upper 
intestine as was reported for the Riegelman soUd disperse system witi, 
polyethylene glycol 6000. 
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This invention provides compositions of poorly soluble or water 
insoluble drugs or relatively soluble drugs which have a tendency to 
agglomerate or crystalliae in storage or after formulation into 
pharmaceutical dosage forms, which compositions provide higher disso- 
5 lutlon rates in vitro and increased bioavailability of said drugs in 
vivo. The composition of this invention comprises a mixture or 
solution of the drug with a non-toxic, pharmacologically acceptable 
water soluble polymer wherein said mixture or solution has been 
treated with a minor amount of a wetting agent selected from anionic 

10 and cationio surfactants. The term mixture means the product of a 
melt mix or that of a dried s-^lution. 

Examples of suitable polymers are those selected from at least 
one of polyvinylpyrrolidone, hydroxypropylmethyl cellulose, hydroxy- 
propyl cellulose, methyl cellulose, block copolymers of ethylene oxide 

15 and propylene oxide, and polyethyl^e glycol. Suitable surfactants 
include those of the anionic variety such as sodium lauryl sulfate, 
sodium laurate, sodium steprate, potassium stearate, sodium oleate or 
dioctylsodium sulphosuccinate,' and those of the cationio variety such 
as benzalkonium chloride, bi8-2-hydroxyethyl oleyl amine or the like. 

20 A further aspect of this invention provides a method for 

preparing compositions of this invention. The method includes the 
steps of: 

(a) Perming a solution or melt mixture of a drug with a non- 
toxic, pharmacologically acceptable water-soluble polymer; 

25 M drying the drug-polymer solution or solidifying the melt- 

mixture; 

(c) mixing the product of step (b) with a surface wettix^g 
amount of wetting agent solution \dierein said agent is 
selected from anionic and cationio surfactants; 
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(d) drying the mixture of st^ (c). 

Hje method for preparing these compositions is also useful as a method 
for preparing ultramicrocrystalline griseofulvin. 

While the invention is iUustrated with poorly soluble or water insoluble 
drugs, and partieularly griseofulvin, it will become apparent to those skilled in 
the art that the compositions and method of this invention are also suitable for 
other drugs which while relatively soluble have a tendency to agglomerate or 
crystallize in storage, or after formulation Into pharmaceutical dosage forms. 



This invention relates to compositions of a drug with a water soluble 
polymer which has been treated with a wetting sufficient amount of a wetting 
agent selected from anionic and cationic surfactants. In preferred embodiments 
the composition is a soUd, usually a powder, which is then compounded into 
suitable soUd dosage forms for oral administration. 

Griseofulvin is a known antibiotic which has been found useful in the 
treatment of certain fungus diseases of plants, man and animals. Griseofulvin 
as discussed in the background of this invention is also known as a poorly soluble 
or water insoluble drug, which in vivo provides a low order of bioavailabiUty 
when administered oraUy. Ttivs the composition of the instant invention is 
particularly useful for griseofulvin and drugs of a similar nature such as certain 
steroids and antibiotics which due to their low aqueous solubility and/or high 
melting point are poorly absorbed. Illustrative of such drugs are medrogestone; 
progesterone; estradiol; 10, U-dihydro-5H-diben2oCa,dIcycloheptene-5-carboxa- 
mide; 5H-dibenzo [a,d] cyeloheptene-5-cart>oxamide and the like. The composi- 
tions of this invention, as will soon be appreciated, further permit the 
formulation of solid dosage forms which may contain high concentrations of the 
particular drug, such as griseofulvin, with no concomitant loss of bioavaUability 
usualty associated with such high concentrations. These compositions thus allow 
the preparation of elegant solid dosage forms. ITie compositions of this 
invention are also resistant to agglomeration of the drug particles or the 
tendency of the drug in storage to produce undesirable crystal formation which 
adversely affects bioavailabmty of the drug. 
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Polymers useful in this invention include water soluble polymers which are 
non-toxic and pharmacologically acceptable, particularly for oral administra- 
tion. niustraUve of polymers, found suitable in this invention include 
polyvinylpyrroUdone, hydroxypropyl methyl cellulose, hydroxypropyl cellulose, 
5 methyl ceUulose, block co-polymers of ethylene oxide and propylene oxide, and 
polyethylene glycol. 

Generally these polymers are commercially available over a broad range 
of average molecular weights. For example, polyvinylpyrroUdone (PVP) is a 
well known product produced commercially as a series of products having mean 
10 molecular weights ranging from about 10,000 to 700,000. Prepared by Reppe's 
process: 1,4-butanedlol obtained in the Reppe butadiene synthesis Is dehydroge- 
nated over copper at 200» forming y- butyrolactoncj reaction with ammonia 
yields pyrrolidone. Subsequent treatment with acetylene gives the vinyl 
pyrrolidone monomer. Polymerization is carried out by heating in the presence 
15 of HgOgandNHg, DeBeU et al., German Plastics Practice (Springfield, 1946)} 
Hecht, Weese, Munch. Med. Wochensehr. 1943, U, Weese, Naturforschung & 
Medizin 62, 224 (Wiesbaden 1948), and the eorresp voL of FIAT Review of 
German Science. Monographs: General AnUine and Film Corp., PVP (New York, 
1951)} W. Reppe, PolyvinylpyrroUdon (Monographie zu "Angewandte Chemie- no! 
66, Weinheim/Bergstr., 1954). Generally avaUable commercial grades have 
average molecular weights in the range of 10,000 to 360,000, for example, 
General Aniline and Film Corporation (GAF) markets at least four viscosity 
grades available as K-15, K-30, K-60, and K-90 which have average molecular 
weights of about 10,000, 40,000, 160,000 and 360,000, respectively. The K- 
values are derived from viscosity measurements and calculated according to 
Fikentscher's formula (Kline, G.M., Modem Plastics 137 No. 1945). Similar 
commercial products are available from BASF-Wyandotte. 

Selection of a particular polymer with its characteristic molecular weight 
wUl in part depend on its abiUty to form suitable dosage forms with the 
particular drug. Thus, in preparing soUd dosages, whether in powder, tablet or 
capsule units, the composition of this invention should be readUv grindable or 
pulverizable, or in the form of free-flowing powdera. A second consideration in 
the selection of a particular polymer derives from the limitations inherent in 
the use of specific equipment with polymers of increasingly higher viscosity. 
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For ©cample in forming the drug-polymer solution or mixture, complete 
dissolution or mixing could be inhibited utilizing blenders, mixer or the Uke, 
which are Inadequate by reason of low Shear or proper baffles to form a uniform 
and homogeneous drugT»olymer solution or mixture. Depending on the process 
employed for forming the dnigtwlymer mixture, another consideration In the 
selection of a particular polymer Is that the polymer be mutually soluble In 
solvents for the particular drug. 

The wetting agents found most suitable for the present invention are those 
selected from anionic or catlonic surfactants. In addition, to those cited In the 
summary of this disclosure, other suitable surfactants of the anionic variety are 
Illustrated by sodium stearate, potassium stearate, sodium oleate and the like. 

The compositions of this invention are prepared in a step by step process. 
In the first step, a mixture or solution of the drug with the water soluble 
polymer is formed. The mixture can be formed in a solvent or solvent mixture 
which Is a mutual solvent for both the drug and the polymer. Alternatively, the 
drugi>olymer, solvent mixture can, at this stage, be coated onto lactose. Where 
the drug and the polymer are not subject to degradation at elevated 
temperatures, the drug-polymer mixture may also be formed by melt mixing. 
Any volatile solvent In which the drug Is soluble Is suitable for forming the 
20 drug-polymer mixture. For griseofulvin, suitable solvents would Include 
methylene ctdoride, methylene chloride-ethanol, chloroform, acetone, methyl 
ethyl ketone and combinations thereof. The most suitable polymer for forming 
the melt mixture with a drug such as griseofulvin is hydroxypropyl cellulose. 

After the drug-polymer mixture or solution has been formed in a solvent It 
25 is dried by spray-drying, flash evaporation or air drying. Commercially, spray- 
drying is most practical since the dried mixture is already In powder form. In 
the case of the melt mixture drying the drug-polymer mixture is defined as 
eooUng. The melt-mix product is then ground or milled into powder form in 
preparation for the next step; grinding or milling may also be necessary for 
30 dried solvent formed mixtures. 

The powdered drug-polymer mixture is then treated with a wetting 
sufficient amount of a primarily aqueous wetting solution containing a wetting 
agent selected from anionic and cationic surfactants. This wetting treatment is 
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accompUshed by forming a slurry, wet granulation or paste mixture of the 
powdered drug-polymer with the wetting solution. The wetting solution 
treatment can be achieved with small incremental additions of the wetting 
soluUon or a larger single-shot treatment. The wetting solution treatment 

5 apparentiy fulfills two roles: crystallization of any amorphous regions into 
ultramlcrosize crystals, and the breakup of clusters of such crystals so that they 
disperse spontaneously when exposed to water. Also, the role of the primarily 
aqueous solution for the wetting agent treatment is to distribute the wetting 
agent to surfaces of the drug, whether or not the drug is amorphous or 

10 crystalline. 

When the employment of more than one polymer is desired, separate drug- 
polymer mixtures for each polymer are usually prepared which are then 
initimately blended with each either in dry form prior to or after the wetting 
solution treatment. 
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The treated mixture is then dried as earlier described and, if necessary, it 
is milled, screened or ground prior to formulating into suitable dosage forms 
with pharmaceutically acceptable excipients. 

It will be again appreciated by those skiUed in the art that whfle the 
invention is illustrated with particularly water insoluble drugs, the composition 
and method of this invention is also applicable to more soluble drugs in need of 
enhanced bloavaaabUity. In such instances a broader range of solvents and 
polymers including the natural gums may be employed to form the drug-polymer 
mixture. 

The concentrations of drug found useful in the drug-polymer mixture of 
25 this invention range from the lowest therapeutically effecUve amount of the 
drug up to about 90 to 95% of the drug. Thus, in griseofulvin-polymer mixtures, 
the concentration of griseofulvin ranges from about 0.1% by weight to about 90- 
95% by weight. In order to form pharmaceutically elegant dosage forms for 
high dose drugs, the concentration of the drug should be at least 50% by weight 
30 of the drug-polymer mixture. In especially preferred embodiments the 
concentration of drug in the drug polymer mixture will range from about 50% to 
about 80% by weight. 
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The required concentration for the wetting agent (or surfactant) in the 
primarily aqueous wetting solution is a wetting sufficient amount. This amount 
further depends on whether incremental or single-shot wetting treatments are 
employed and on whether a slurry or paste treatment is contemplated. 

5 GeneraUy, small incremental treatments will require less wettii^ agent than a 
larger single shot treatment and a paste treatment will require more wetting 
agent than a slurry. In any case, it has been found that satisfactory results are 
obtained when the amount of wetting agent comprises from about 0.025% to 
about 2.0% by weight of the dried drug polymer mixture and preferrably from 

10 about 0.1% or 0.2% to about 1.0% by weight. While higher concentrations of the 
wetting ^ent may be satisfactorily employed, no additional advantages in 
terms of dissolution and/or bioavailability are obtained. It has also been found 
that when a griseofulvin-polymer, melt mixture has beat wetted and crystal- 
lized from an aqueous sorbitol solution, enhanced dissolution rates was obtained, 

15 however the rate of dissolution was sbiiLless that those mixtures treated with a 
wetting agent. 

The invention is further illustrated by the following examples. 

Example 1 

The rate of dissolution of the powdered materials was determined by one 
20 of three methods. All three methods gave equivalent results and only the 
results of method 1 outlined below are used herein unless otherwised noted. 

Method 1) A sample containing 20 mg of griseofulvin was dissolved into 1 liter of 
a 0.02% polysorbate 80 aqueous solution at 37* C. The solution was 
monitored by a flow cell in a spectrophotometer set at 295 nm. 

25 Method 2) A sample containing. 500 mg griseofulvin was dissolved In 10 Uters of 
0.15% sodium lauryl sulfate In water at 37* C. 

Method 3) A sample containing 125 mg griseofulvin was dissolved In 24 Uters of 
water at 37* C. 
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For examples 2-5 the wetting agent solution employed was as f oUows: 2.5g 
of sodium lauryl sulfate (SLS) were dissolved into 500 ml of a mixture of 100 ml 
of water and 400 ml of ethyl alcohol or 0.25 g of sodium lauryl sulfate were 
dissolved into 50 ml of a mixture of 10 ml of water and 40 ml of ethyl alcohoL 

Example 2 

This example describes the preparation of ultramicrocrystalline griseo- 
fulvin. The method consists of flash evaporation of a solution containing 10 g of 
gnseofulvin and 10 g of polyvinylpyrroUdone (POVIDONE* K-30, U.SP-from 
OAF Corp.) dissolved in 200 ml of methylene chloride. The evaporation was 
done on a rotating evaporator at 35 - 45" C in a closed system (Vacuum). About 
4 - 5 ml of the solution to be evaporated was placed in a 100 ml round bottom 
flask, then placed on the evaporator. Upon evaporation of solvent, the material 
was deposited onto the wall of the flask. The dried material was found to be 
amorphous by X-ray diffraction. Next, this amorphous material was treated 
15 mth the SLS sohition. To 2 g of powder, 0.125 ml of the solution was added with 
constant mixing and the solvent was allowed to dry. This was repeated six more 
times until a total of 0.875 ml of solution had been added. Microscopic 
observation and dissolution data showed that ultramicrocrystalline griseofulvin 
WM formed by this metiiod and has a much faster dissolution rate into water at 
20 37 C, than microsized griseofulvin or untreated amorphous material 

TaWeJ - Dissolution proffle of griseofulvin into water at S?' C. The dissolved 
^eofulvin, unless otherwise specified, is expressed in mg/Uter over an elapsed 
time^period in minutes. 

1- Flash evaporated griseofulvin: PVP (50% griseofulvin) treated with SLS 
25 solution. 

2- Flash evaporated griseofulvin: PVP (50% griseofulvin) 



3- Microsized griseofulvin 
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Example 3 

3^Me_J - This example describes the preparation of ultramicrocrystalline 
griseoMvin by coating a solution of griseofulvin and polyvinylpyrrolidone onto 
lactose then treating the powder with a solution of sodium lauryl sulfate. 

A solution was prepared by dissolving 1 g of griseofulvin and 1 g of 
polyvinylpyrrolidone into 8 ml of methylene chloride. All this solution was 
coated successively in 1 ml portions onto 2 g of lactose and allowed to dry. The 
material formed by this method was crystalline by X-ray diffraction. Next 1 ml 
of the SLS solution was added to the 4 g of powder and aUowed to dry. 
Microscopic observation and dissolution data showed that the griseofulvin 
formed by this method was ultramicrocrystaUine and had a much faster 
dissolution rate into water at 37" C, than microsized griseofulvin. 



Table 2- 



1- griseofulvin: PVP (50:50) coated onto lactose and treated with SLS 
solution. 

2- griseofulvin: PVP (50:50) coated onto lactose. 

3- Microsized griseofulvin 
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Sample 
1- 
2 
3 
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Example 4 

This example describes the preparation of ultramicrocrystalline griseo- 
fulvin by spray drying a solution of griseofulvin and polyvinylpyrroUdone then 
treating the powder with a solution of sodium lauryl sulfate. A solution of 50 g 
of griseofulvin and 50 g of polyvinylpyrrolidone dissolved in 2 liters of 
methylene chloride was spray dried at room temperature. A mixture of 1 ml of 
the SLS solution and 2 g of the powder was dried. BJicroscopic observation and 
dissolution data showed the griseofulvin formed by this method to be 
ultramicrocrystalline and has a much faster dissolution rate into water at 37« C 
than microsized griseofulvin. 



15 Table 3 

1- Spray dried griseofulvin; PVP Osl) treated with SLS solution. 

2- Spray dried griseofulvin: PVP 0:1) 

3- Microsized griseofulvin 
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Example 5 

This example describes preparation of ultramicrocrystalline griseo- 
Mvin by spray drying a solution of griseofulvin and polyvinylpyrroUdone and 
then treating the powder with a solution of sodium lauryl sulfate. A solution 

5 containing 70 g of griseofulvin and 30 g of polyvinylpyrroUdone dissolved into 2 
liters of methylene chloride was spray dried at room temperature. To 2 g of the 
powder, 3/4 ml of the SLS solution was added in six 0.125 ml Increments and 
dried between additions. Microscopic observation and dissolution data showed 
that the griseofulvin formed by this method was ultramicrocrystalline and had a 

10 much faster dissolution rate into water at 37» C than microsized griseofulvin. 

Table 4 

1- Spray dried griseofulvin: PVP (70:30) treated with SLS solution. 

2- Spray dried griseofulvin: PVP (70:30). 

3- nficrosized griseofulvin 

15 4- Spray-dried griseofulvin: PVP treated with the non-ionic polysorbate 

80. griseofulvin: PVP: non-ionic (69.7:29.7:0.5) 
5- ^ray dried griseofulvin: PVP treated with the non-lonie block co- 
polymer of ethylene oxide and propylene oxide (Pluronic«F77) 
griseofulvin: PVP: non-ionic (69.7:29.7:0.5) 
20 6- Spray dried griseofulvin: PVP treated with the non-ionic isooctyl 

phenoxy polyethoxy ethanoL griseofulvin PVP: non-ionic (69.7^9.7: 
0.5) 
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Table S - Dissolution Profile 

1~ Spray dried griseofulvin: PVP (70:30) treated with SLS 
W 2-- Dorsey Laboratories' Gris-Peg (Trademaric) for griseofulvin 

composition in PEG 6000, 

3- Sobering Laboratories' Fulvicin P/G (Trademark) for griseofulvin 
coraposit^bnin PEG 6000, 

4- Microsized griseofulvin. 



15 Sample 


1 min. 


2 min. 


3 min. 


5 min. 


10 min. 


14 min. 


1 


10.0 


10.9 


11.5 


12.0 


12.5 


12.7 


2 


6.9 


8.7 


9.7 


10.4 


11.3 




3 


6.0 


7.0 


7.3 


7.7 


8.0 




4 


1.6 


2.7 


3.4 


4.7 


7.0 


8.2 



20 Example 6 

In the samples evaluated in Tables 6-8, the following further describes 
their preparation. 
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MATERIALS & METHODS 

Two grades of hydroxypropyl cellulose were used, Klucef EF and Klucel* 
LP (Hercules), the former preferred for its lower viscosity. Coarse griseofulvin, 
spray dried lactose, sorbitol, and sodium lauryl sulfate were the other 
ingredients. The solvents were methylene chloride and absolute ethanol, U,S.P. 
grade. 

Crystallinity of griseofulvin preparations were judged by visual micros- 
copic observation under crossed polarizers, or by x-ray diffraction assay. 

Preparation of a Melt Mixture 

A glass melting tube immersed in a hot oil bath was used to melt 
together various amounts of griseofulvin and Klucel. After complete melting 
and mixing, the liquid mixture was rapidly chilled under a cold water t^, while 
rotating the tube horizontally so as to distribute the liquid over the inside walls. 
After solidification, the tube was further cooled in a dry ice bath, which 
fractured the product and allowed its removal from the glass tube. The chunky 
product wasr ground to a powder in a micromlU. 

Crystallization with a Sorbitol Solution 

Typically, an amount of powdered melt mfacture was Intimately mixed 
with an equal weight of an aqueous solution containing, by weight, about 22% 
sorbitol and 13% ethanoL This was vigorously mixed and woriced with a spatula, 
until the doughy mixture acquired the consistency of a smooth cream or paste. 
The paste was allowed to dry, and the dry chunky product was ground in a 
mortar. 

Spray Dried Mixtures 

Solution for spray drying were pr^ared by dissolving griseofulvin and 
Klucel in a mfacture of methylene chloride and ethanoL An Anhydro Laboratory 
Spray Dryer No. 3 was used, and the solution was spray dried at room 
temperature. 
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CrystaUization with « S pdium Laurvl Sulfate Solution 

TVpicaUy, a weight of spray dried powder (whether amorphous or 
crystaUine) was intimately mixed with about 0.9 weight of a L5% aqueous 
solution of sodium lauryl sulfate. The solution could also contain ethanol and 
sorbitol or lactose, but this was found to be umiecessary. The doughy mixture 
was vigorously mixed and worked with a spatula, until it became a smooth 
paste. Then, about 0.25 weight of lactose was added, and mixed until again 
smooth. The paste was spread and dried at around 85«C. Hie elevated 
temperature coagulated the wet paste into granules, which could be stirred and 
mixed at times during drying, to diminish caking. The dry product was milled 
and passed through a 60 or 80 mesh screen. The product contained about 1% 
sodium lauryl sulfate. 

Treatment of Soray DriPd Mixtures with So dium Laurvl Sulfate Solution. Withnnt 
Pasting 

About 2.0 g of spray dried griseofulvin-Klucel^raixture was placed in a 
mortar, then treated successively with six 0.125 ml portions of a wetting 
solution, allowing enough drying between portions to prevent the powder from 
becoming pasty. The wetting solution contained 5 mg/ml sodium lauryl sulfate 
In a mixture of 4 parts ethanol - 1 part water, by volume. The final granular 
20 powder contained about 0.2% sodium lauryl sulfate. 

Scale-UD Attempt.Q nf Paste Treatrnftnt 

Crystallization of spray dried powders with sodium lauryl sulfate 
solution on a 1 kg scale were achieved in a Hobart mixer, equipped with a small 
bowl and a pastry blade. Lactose was added, to the paste, then the mixture was 
25 spread on trays and dried at 85«C. The chunky, partially caked product was 
milled and screened. 



15 
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Spray Dried Mixtures of Grise ofulvin & Hvdroxypropyl cellulose (K]ut>^U* 
Composition of Solution 



Solids 
Content 
5 (g/lof 
solvent) 

100 

50 

167 

10 200 



Grfeeofulvin 

Content 
(%of 
Solids) 

50 

75 
75 
80 



Solvent ■ 

Volume 

Ratio 

(MeClg /EtOH) 
7/1 

9/1 ♦ 
8.6A 
7/1 



Crystallinity 
of Product 

JVIostly amorphous 

Amorphous 

Crystalline 

Crystalline 



15 



Table 6 - Dissolution profile. 

1- IWdt mixture of griseofulvin (75%)-Klucel«(25%),crystalli2ed with 
a sorbitol solution 

2- Micronized griseofulvin 

3- Melt mixture of griseofulvin (83%)-Klucef(17%),amorphous. 



Sample 


1 min. 


2 min. 


3 min. 


5 min. 


10 min. 


IS min. 


20 min, 


1 


4.1 


8.0 


9.2 


10.8 


12.6 


13.4 


13.7 


2 


1.5 


2.7 


3.4 


4.7 


7.0 


8.4 


9.2 


3 


0.5 


1.0 


1.3 


2.0 


3.2 


4.2 


5.0 



20 Table 7 



1- Spray dried griseofulvin (75%).Klucef (25%) mixture, amoiphous. 

2- Spray dried griseofulvin {50%)-Klucel*t50%) mixture, mostiy 
amorphous. 

3- Micronized griseofulvin. 
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4-Spray dried griseofulvin (80%)-Klucel "(20%) mixture crystalline. 

Sample 1 min. 2 min. 3 min. S min. 10 min. 15 min. 20 min. 

11.4 12.8 

10.5 11.8 
8.4 9.2 
5.8 6.5 

Table 8 

1- Spray dried mixture of griseofulvin: PVP (70:30), treated with SLS 
solution. 

• 2- Spray dried mixture of griseofulvin: Klucel"(75:25), crystallized 

with sodium lauryl sulfate solution. 
3- Micronized griseofulvin 



1 


2.0 


3.6 


4.7 


6.5 


9.8 


2 


2.0 


3.6 


4.7 


6.5 


9.2 


5 3 


1:5 


2.7 


3.4 


4.7 


7.0 


4 


0.8 


1.5 


2.0 


2.8 


4.7 



Sample 


1 min. 


2 min. 


3 min. 


5 min. 


10 min. 


15 min. 


20 min. 


1 


6.2 


11.1 


11.5 


12.0 


12.5 


12.7 


12.8 


15 2 


6.2 


10.2 


11.0 


U.6 


12.1 


12.2 


12.3 


3 ' 


1.S 


2.7 


3.4 


4.7 


7.0 


8.4 


9.2 



Example 7 

This example describes prq>aration of ultramicrocrystalline griseo- 
fulvin by spray drying a solution of griseofulvin and hydroxypropyl methyl ceUu- 
20 lose and then treating the powder with a solution of sodium lauryl sulfate. A 
• solution containing 40 g of hydroxypropyl methylcellulose 80 g of griseofulvin 
and 200 ml of Methanol dissolved into 2 liters of methylene chloride was spray 
dried at R,T. The dried material was found to be amorphous by x-ray 
diffraction. To 4 g of the powder, 4 ml of a solution containing 1.5 g sodium 
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lauryl sulfate dissolved into 100 ml of H^O was mixed in, and then dried. 
Microscopic observation and dissolution data shows that ultramicrocrystalline 
griseofulvin was formed by this method and has a much faster dissolution rate 
into water at 37«C, than microsized griseofulvin or untreated amorphous 
materiaL 



Example 8 



This example describes preparation of ultramicrocrystalline griseo- 
fulvin by spray drying a solution of griseofulvin and methylcellulose and then 
treating the powder with a solution of sodium lamyl sulfate. A solution 
containing 40 g of methylceUulose (15 cps) and 120 g of griseofulvin, and 200 ml 
of methanol dissolved into 2 Uters of methylene chloride was spray dried at R.T. 
The dried material was found to be partiy amorphous and partly crystalline by 
x-ray diffraction. To 4 g of the powder, 4 ml of a L5% sodium lauryl sulfate 
solution was added and mixed in. The mixture then was dried. Microscopic 
observation and dissolution data shows that ultramicrocrystalline griseofulvin 
was formed by this method, and it has a much faster dissolution rate than 
microsized griseofulvin or untreated materiaL 



20 



25 



• Example 9 

TTiis example describes preparation of ultramicrocrystalline griseofulvin 
by spray drying a solution of griseofulvin and poly (oxypropylene) poly 
(oxyethylene) block copolymer (Pluronic -FT? BASF Wyandotte Corp.) and then 
treating the powder with a solution of sodium lauryl sulfate. A solution 
containing 100 g of the block copolymer and 100 g griseofulvin dissolved into 2 
liters of methylene chloride was spray dried at RT, to 4 g of the powder, 2 ml of 
a L5% sodium lauryl sulfate was added, mixed and then dried. Microscopic 
observation and dissolution data shows that ultramicrocrystalliiie griseofulvin 
was formed by this method, and it has a faster dissolution rate than microsized 
griseofulvin or untreated materiaL 
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Example 10 



10 



15 



20 



25 



30 



This example deserves preparation of ultramicroctystalline griseofulvin 
by spray drying a solution of griseofulvin and polyethylene glycol and then 
treating the powder with a solution of sodium lauryl sulfate. A solution 
containing 100 g of griseofulvin and 100 g of polyethylene glycol 6000 dissolved 
into methylene chloride was spray dried. To 4 g of the powder, 2 ml of a 1.5% 
sodium lauryl sulfate solution was added, mixed and dried. Microscopic 
observation and dissolution data shows that ultramicrocrystalline griseofulvin 
was formed by this method, and it has a much faster dissolution rate than 
microsized griseofulvin or untreated materiaL 



Example 11 



Hiis example describes preparation of ultramicrocrystalline griseofulvin 
by spray drying a solution containing griseofulvin knd hydroxypropyl methylce- 
Uulose and then treating the powder with a solution of sodium lauryl sulfate. A 
solution containing 40 g of hydroxypropyl raethyleeUulose, 160 g of griseofulvin 
and 100 ml of ethanol dissolved into 2 liters of methylene chloride was spray 
dried. To 2 g of powder, 0.125 ml of sodium lauryl sulfate wetting solution (see 
above example No. 7) was added with constant mixing and the solvent was 
allowed to dry. This was repeated five more times until a total of 0,750 ml of 
solution had been added. Microscopic observation and dissolution data shows 
that ultramicrocrystalline griseofulvin was formed by this method and it has a 
much faster dissolution rate th a. microsized griseofulvin or untreated material. 

Example 12 

This example describes preparation of ultramicrocrystalline griseofulvin 
by spray drying a solution of griseofulvin and polyvinylpyrroUdone and then 
treating the powder with a solution of benzalkonium chloride. A solution of 70 
g of griseofulvin and 30 g of polyvinylpyrroUdone dissolved into 2 liters of 
methylene chloride was spray dried at RT. To 4 g of the powder, 2 mi of a 1% 
aqueous solution of benzallconium chloride was added, mixed and then dried 
Microscopic Observation and dissolution data shows that ultramicrocrystalline 
griseofulvin was formed by this method, and it has a much faster dissolution 
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rate than microsized griseofulvin or untreated material. 

Example 13 

■niis example describes preparation of ultramicrocrystalline griseofulvin 
by spray drying a solution of griseofulvin and polyvinylpyrroUdone and then 
treating the powder with a solution of sodium laurate. A solution of 70 g of 
griseofulvin and 30 g of polyvinylpyrroUdone dissolved into 2 Uters of methylene 
ch^onde was spray dried at RT. To 4 g of the powder. 2 ml of a 296 aqueous 
solution of sodium laurate was added, mixed and then dried. Microscopic 
Observation and dissolution data diows that ultramicrocrystaUine griseofulvin 
was formed by this method, and it has a much faster dissolution rate than 
microsized griseofulvin or untreated material. 



15 



20 



25 



30 



Example 14 

This example describes preparation of ultramicrocrystalline griseofulvin 
by spray drying a solution of griseofulvin and polyvinylpyrroUdone and then 
treating the powder with a solution of dioctyl sodium sulf osuccinate. A solution 
of 70 g of griseofulvin and 30 g of polyvinylpyrroUdone dissolved into 2 Uters of 
methylene chloride was spray dried at RT. To 4 g of the powder. 2 ml of a 1% 
aqueous solution of dioctyl sodium sulfosuccinate was added, mixed and then 
dned. Microscopic observation and dissolution data shows that ultramicrocrys- 
tamne griseofulvin was formed by this method, and it has a much faster 
dissolution rate than microsized griseofulvin or untreated materiaL 

Example IS 

This example describes preparation of ultramicrocrystalline griseofulvin 
by ^ray drying a solution of griseofulvin and polyvinylpyrroUdone and then 
treatmg the powder with a solution of bis(2-hydroxyethyl)oleylamine. A 
solution of 70 g Of griseofulvin and 30 g of polyvinylpyrroUdone dissolved into 2 
Utei. of methylene chloride was ^ray dried at RT. To 4 g of the powder. 2 ml 
of a 2%aqueous solution of bis(2Hiydroxyethyl)oleylamlne was added, mixed and 
then dned. Microscopic observation and dissolution data shows that ultramicr<> 
crystaUine griseofulvin was formed by this method, and it has a much faster 
dissolution rate than microsized griseofulvin or untreated materiaL 
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Table 9 

The results of dissolution studies on the samples prepared by Examples 
7-15 are listed below. The unit of expression for this Table is per cent of 
saturation achieved in time expressed in minutes. 
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Example 16 

_ The relative bioavaUabiUty of the composition of this invention with 
two different polymep mixtures and that of one marketed ultramicrosize 
griseofulvin dosage form was studied in humans. 

The urinary excretion of the major griseofulvin metabolite 6- 
Desmethyl griseofulvin (6-DMG) was determined for all three dosage forms 
fdlowing the administration of 250 mg of griseofulvin (in the form of 125mg 
tablets) to 15 healthy adult volunteers divided into three groups using a 
crossover experimental design. The total tablet weight for each of the 125 mg 
dosages was 350 mg. The compositions of the invention were represented by 
spray dried griseofulvin mixtures with either polyvinylpyrroUdone or hydroxy- 
propyl cellulose both treated with SLS. The marketed product evaluated was 
Schering's Fulvicin* P/G which is perceived as providing maximum bioavaila- 
bility or absorption following oral administration. 

IS The results indicated that there were no statistically significant 

differences between the 3 dosage forms evaluated. 

The cumulative mean for all groups expressed in mg of either free or 
total 6-DMG found in the urine for each of the three dosages was as follows: 



10 



20 



0-24 hours 
24-48 hours 
0-48 hours 



Gris-PVP Gris-hydroxypropyl cellulose Marketed Product 
Free Total Free Total Free Total 

48:6 75.8 50.3 81.1 48.9 76.7 

19.1 30.0 20.7 33.3 19.5 37.1 

68.7 105.8 71.0 114.4 68.4 113.8 



fo a second bioavaUabiUty study conducted with 4 healthy adult volunteers, 
dos^e forms containing 500 mg of micronized griseofulvin were administered 
in the form of a single tablet or 2 capsules each containing 250 mg of micro- 
nized griseofulvin. Since griseofulvin is not a dose dependent drug, twice the 
amount of the 6-DMG metabolite should be excreted over that of a 250 mg 
dosage of griseofulvin. 
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The cumulative mean was as follows: 



SOOmg Griseofulvin Tablet SOOmg Griseofulvin as 2x250mg capsules 



0-24 hours 
5 24-48 hours 
0-48 hours 



Free 


Total 


Free 


Total 


34.4 


35.5 


38.0 


54.7 


63.5 - 


104.2 


64.4 


102.8 


97.9 


157.9 


102.4 


157.5 




Examole 17 







Typical direct compression tablet formulations may be prepared as 
follows for 125 mg dosage forms having a final tablet weight of 350 mg. 

W A. 1. Griseofulvin at 59.5% in 

mixture with hydroxypropyl 
- • cellulose, SLS treated 210.0 g 

2. MicrocrystaUine Cellulose 87*0 g 

S. Lactose, Edible 32,0 g 

15 4. Sodium Starch Glycolate 17.5 g 

5. Magnesium Stearate U.S,P. 3.5 g 

Theoretical Tablet Weight 350 mg. 

B,L Griseofulvin at 67.5% loc n 
In PVP mixture treated ^ 
20 with SLS 

2. Microcrystalline Cellulose 87.0 g 

3. Lactose, Edible 57^0 g 

4. Sodium Starch Glycolate 17.5 g 

5. Magnesium Stearate 3,5 g 
25 Theoretical Tablet Weight 350 g 
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correct tablet weight 

P'ofe tor «„ oon,p,«.«l uMeU den,<«,.r.,«l f„ra,« 
«.ere was „o sMflc^, ai«er«,=e h «»oWon for tt,o fomuute. «>Iet 
as compared with the unformuuted powdeMd matertal. 
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CLAinS 

1. A pharmaceutical composition comprising a mixture of a 
drug and a non-toxic pharmacologically acceptable, 
uater soluble polymer; the drug being poorly soluble 
or uater-insoluble or relatively soluble and having 
a tendency to agglomerate or crystallise in storage 
or after formulation into pharmaceutical dosage forms; 
said mixture having been treated uith a minor amount of 
a wetting agent selected from anionic and cationic 
surfactants. 

A composition as claimed in Claim 1 wherein the polymer 
is selected from at least one of polyvinylpyrrolidone, 
hydroxypropylmethyl cellulose, hydroxypropyl cellulose, 
methyl cellulose, block co-polymers of ethylene oxide 
and propylene oxide, and polyethylene glycol. 

A composition as claimed in Claim 1 or Claim 2 wherein 
the wetting agent is an anionic surfactant selected from 
sodium lauryl sulfate, sodium laurate, dioctylsodium 
sulfosuccinate, sodium stearate, potassium stearate 
and sodium oleate, or a cationic surfactant selected 
from benzalkonium chloride and bi8-2-hydroxyethyl oleyl 
amine. 

4. A composition as claimed in any one of Claims 1 to 3 
wherein the concentration of the drug in the drug- 
polymer mixture is from about 0.156 to about 9S% by 
weight and the concentration of the polymer in the 
drug-polymer mixture is from about 5% to about 99.gjg 
by weight. 

5. A composition as claimed in any one of Claims 1 to 3 
wherein the concentration of the drug in the drug- 
polymer mixture is from about 50j6 to about 90jS by 
weight and the concentration of the polymer in the 



2. 



3. 



0012523 



- 30 - 

drug-polymer mixture is from about 1036 to about 
50^ by weight. 

6. A compoeition as claimed in any one of Claims 1 to 3 
wherein the concentration of the drug in the drug- 
polymer mixture is about 50% to about 8Q% by weight 
and the concentration of the polymer in the drug- 
polymer mixture is from about 20% to about 50% by 
weight. 

7. A composition as claimed in any one of Claims 1 to 6 
wherein the concentration of the wetting agent is 
from about 0.025^ to about 2.0J5 by weight of the 
drug-polymer mixture, 

8. A composition as claimed in any one of Claims 1 to 6 
wherein the concentration of the- wetting agent is 
from about 0i2% to about i.ojS by weight of the 
drug-polymer mixture. 

9. A composition as claimed in any one of Claims 1 to 8 
wherein the drug is griseofulvin. 

0. A pharmaceutical composition in solid form comprising 
(i) a mixture comprising about 0.^% to about 95% by 
weight of griseofulvin and from about 5% to about 
99.9^ by weight of a polymer selected from polyvinyl- 
pyrrolidone, hydroxypropyl methyl cellulose, 
hydroxypropyl cellulose, methyl cellulose, block 
co-polymers of ethylene oxide and propylene oxide, 
and polyethylene glycol; and (ii) an anionic 
surfactant wetting agent in an amount from about 
0.0255g to about 2.0% by weight of griseof ulvin- 
polymer mixture which was added to the griseof uluin- 
polymer mixture by a wet treatment. 
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-Si- 
ll. A composition as claimed in Claim 10 uherein the 

concentration of the griseofulvin in the griseof ulvin- 
polymer mixture is from about 50% to about 80jS by 
weight; the polymer is selected from polyvinyl- 
pyrrolidone and hydroxypropyl cellulose and the 
concentration in the griseof ulvin-polymer mixture 
is from about 20% to about 50% by weight; and the 
anionic surfactant is sodium lauryl sulfate, sodium 
sulfate or dioctylsodium aulf osuceinate in an amount from 
about 0,2 to about 1,0^ by weight of the griseof ulvin- 
polymer mixture. 

12. A compressed pharmaceutical tablet comprising a 
pharmaceutically acceptable excipient and a composition 
as claimed in any one of Claims 1 to 11 wherein the 
drug is in the form of ultramicrocrystals. 

13. A method for preparing a pharmaceutical composition 
as claimed in any one of Claims 1 to 11., which 
comprises: 

(a) forming a solution or melt-mixture of the 
drug with the polymer; 

(b) drying the drug-polymer solution or solidifying 
the melt mixture, 

(c) mixing the product of step (b) with a wetting 
agent solution, and 

(d) drying the mixture of step (c). 




G.R.Porter, 

kQsnt for the Applicants 
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CLAIWS FOR flUfiTRTfl 

A process for preparing a pharmaceutical composition 
comprising a poorly soluble or uater-insoluble drug 
or a rel.ati\/ely soluble drug having a tendency to 
agglomerate or crystallise in storage or after 
formulation into pharmaceutical dosage forms, 
which process comprises the following steps: 

(a) forming a solution or melt-mixture of the 
drug uith a pharmacologically acceptable 
uater-soluble polymer; 

(b) drying the drug-polymer solution or solidifying 
the drug-polymer melt-mixture; 

(c) mixing the product of step (b) uith a uetting 
agent solution wherein the wetting agent is 
selected from anionic and cationic surfactants, 
and 

(d) drying the mixture of step (c). 

A process as claimed in Claim 1 wherein the polymer 
is selected from at least one of polyvinylpyrrolidone, 
hydroxypropylmethyl cellulose, hydroxypropyl cellulose, 
methyl cellulose, block co-polymers of ethylene oxide 
and propylene oxide, and polyethylene glycol. 

A process as claimed in Claim 1 or Claim 2 wherein 
the wetting agent is an anionic surfactant selected 
from sodium lauryl sulfate, sodium laurate, 
dioctylsodium sulf osuccinate, sodium stearate, 
potassium stearate and sodium oleate, or a cationic 
surfactant sele-cted from benzalkonium chloride and 
bis-2-hydroxyethyl oleyl amine. 

A process as claimed in any one of Claims 1 to 3 

wherein the concentration of the drug in the 

drug -polymer . mixture is from about "o.ljg to about 
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95% by weight and the concentration of the polymer 
in the drug-polymer mixture is from about S% to 
about 99.9^ by weight. 

5. A process as claimed in any end of Claims 1 to 3 
wherein the concentration of the drug in the drug- 
polymer mixture is from about 50^ to about 90% by 
weight and the concentration of the polymer in the 
drug*polymer mixture is from about W% to about 509^ 
by weight. 

6. A process as claimed in any one of Claims 1 to 3 
wherein the concentration of the drug in the drug- 
polymer mixture is about 50^ to about 80^ by weight 
and the concentration of the polymer in the drug- 
polymer mixture is from about 20% to about 50^ by 
weight. 

7. A process as claimed in any one of Claims 1 to 6 
wherein the concentration of the wetting agent is 
from about 0.025^ to about 2,055 by weight of the 
drug-polymer mixture. 

8. A process as claimed in any one of Claims 1 to 6 
wherein the concentration of the wetting agent is 
from about 0*2% to about I.OjS by weight of the drug- 
polymer mixture. 

9. A process as claimed in any one of Claims. 1 to 8 - 
wherein the drug is griseof ulvin. 

10. A process as claimed in any one of Claims 1 to 12 

comprising the further step of compressing a mixture 
of the composition and a pharmaceutically acceptable 
excipient to form tablets. 
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